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DEP.'lRTi.IENT  OF  AGRICULTURE 
SOIL  COl'SERVx^TIOK  SERVICE 

Albuquerque,  New  Mexico 

.Tune  19,  1937 


Dr.  Austin  L.  Patrick 
Soil  Conservation  Service 
17 a  sh  in  gt  on ,  D ,  C . 

Dear  Br,  Patrick: 

At  the  request  of  the  Regional  Conservator,  I 
am  submitting  herev/ith  six  copies  of  a  reT)ort  dealing 
with  the  problem  of  analysis  of  damages  aPd  benefits  in 
connection  with  the  report  on  the  Upper  and  lliddle  Gila 
•  Watershed  s. 

In  the  course  of  the  preparation  of  this  report 
it  has  become  recessary  to  exa^iine  the  currer  t  net  hods 
of  estimating  ecorordc  just  if icst ion  for  flood  control 
work.     In  the  absence  of  a  uniform  procedure  for  the  eco- 
nomic analysis  of  such  proposals,  an  attempt  has  been 
made  here  to  develop  a  procedure  consistent  v/ithir;-  it- 
self and  consistent  vith  elements  of  public  policy  con- 
tained in  the  Flood  Control  Act  and  in  recent  legislative 
action. 

Material  dealing  with  the  problem  of  justifica- 
tion of  flood  cortrol  work  is  contained  ir  a  paper  recent 
ly  submitted  to  the  Bureau  of  Agricultural  Economics.  A 
copy  of  this  pepc-r  is  submitted  for  reviov/  and  criticism. 

Sincerely  yours, 


Eshref  Shevky 

Section  of  iluman  Surveys 


UTvITED  STATES 
DE?i\ET.iEI<T  OF  AGKICULTURE 
SOIL  COT'SERVATIOF  SERVICE 


Albuq ue  r  c  ue  ,  New  i-ie  x j.  c o 
June  19,  1937 


I/Ir.  H.  G,  Calkins 
Regional  Conservator 
Soil  Con-servs.tion  Service 
Albuqu e rr  ue  ,  New  j- lex  i  c o 

Dear  I\lr.  Calkins: 

Trans.-ii tted  herewith  is  a  cop3^  of  the  report  dealing 
with  the  problems  of  daiuage  and  the  calculation  of  benefits 
to  supplement  the  Gila  Flood  Control  Report. 

Althoug}^  considerable  vjork  has  beei:  done  in  t:-is 
office  dealing  with  the  economic  aspects  of  soil  and  ^■■ater 
conservation,  and  thi  s  vjork  h?:s  ,  more  recently,  been  imrsued 
with  greater  emphasis  in  connection  with  the  duties  under 
the  Flood  Control  Act,  no  valid  reason  exists  at  this  time 
for  anticipating  the  procedure  ultimately  to  be  adopted  for 
the  examination  of  justification  for  flood  control  projects 
by  the  Bureau  of  Agricultural  Economics. 

The  present  report  contains  an  examination  of  the 
available  record  of  flood  dama.ge  in  the  Upper  and  Aid  die  Gila 
-/atershed  and  an  evaluation  and  systematic  presentation  of 
this  record  by  categories.     The  proposals  for  erosion  control 
and  water-flov;  retardation  for  the  watershed  have  been  related 
to  these  categories  of  damage  and  a  calculation  of  a?itici- 
pated  benefits  has  been  made.    All  assumptions  and  premises  bav 
been  clearly  stated.     Tbe  emphasis  has  been  placed  on  providing 
basic  data  from  which  a  ratio  of  average  annual  berefits  to 
average  annual  costs  may  be   calc\!lated  for  nurn-oses  of  co'ipari- 
son  with  other  flood  control  projects. 

Sincerely  yours, 


Eshref  Shevky 

Section  of  Human  Surveys 
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This  report  which  attempts  to  msasiire  the  economic 
justif icatiop  of  the  proposed  Gila  Flood  Control  Project  faces 
Ujo  principal  obstacles.    First,  the  proposals  relating  to 
trunk  stream  structures  which  the  Army  Corps  of  Engineers  are 
expected  to  submit  are  not  at  hand  at  the  time  of  the  v/riting 
of  this  report.    Estimates  of  costs  and  estimiates  of  the  degree 
of  effectiveness  of  that  phase  of  the  program  are,  therefore, 
largely  conjectural.    Second,  although  estimates  of  costs  are 
at  hand  for  that  portion  of  the  program  recoimiiended  by  the 
Department  of  Agriculture,  data  on  the  probable  degree  of 
effectiveness  of  the  various  elements  of  the  program  lack 
sufficient  definition  for  purposes  of  estimating  benefits.  In 
the  face  of  these  tv/o  obstacles  a  report  on  the  econo:iic  justi- 
fication of  the  proposed  project  is  severely  limited. 

Certain  other  deficiencies  in  basic  data  further  limit 

the  adequacy  and  significance  of  this  attempt  to  measure  economic 

justification.    These  are  deficiencies  common  to  all  such  attempts. 

(1) 

They  have  been  discussed  in  detail  elsewhere      but  may  he. 
mentioned  here.    They  include  the  fact  that  public  policy  has 
not  yet  defined  the  concept  of  benefit,  nor  the  basic  promises 

(1)     "Notes  on  the  Justification  of  Flood  Control  Proposals" 
submitted  to  the  Burc:;au  of  Agricultural  Economics, 
June,  1937. 


upon  v/hich  estimates  of  economic  justification  must  rest; 
deficiencies  in  the  techniques  for  making  such  estimates;  ana 
deficiencies  in  the  f lood-aamago-  data  available  on  the  Gila 
Drainage  Area. 

Deficiencies  in  the  data  on  d.aimge  necessitate  the  use 
of  certain  doubtful  assumptions.    These  include  assumptions  as 
to  damages  in  the  past  and  assumptions  as  to  probable  future 
damages  if  no  flood  protection  work  is  undertaken. 

It  is  necessary  to  ass^ome  that  the  data  available  on 
past  damages  are  complete  and  reasonably  accurate.    There  is  do 
inite  evidence,  hov/ever,  to  indicate  that  they  are  not  complete 
though  the  extent  of  their  incompleteness  cannot  l.'O  accurately 
judged.     That  they  are  subject  to  a  wide  m.argin  of  error  is  im.i 
diately  evident  upon  examination  of  the  basic  data  which  relies 
to  a  large  extent  upon  rather  tenuous  estimrites.     This  is  a 
deficiency  for  vjhich  there  is  no  rem.edy.     The  requisite  data 
simply  do  not  exist.    This  deficiency  is  not  peculiar  to  the 
Gila  Report,  but  is  proba"^ly  present  in  eveiy  flood  control 
report.     The  de->rree  of  deficiency  in  this  respect  in  this  in- 
stance, however,  may  be  sor^v/hat  greater  than  usual. 

The  difficulties  reflating  to  the  projection  of  future 
damages  on  the  basis  of  damages  experienced  in  the  past  are 
also  common  to  all  flood -control  reports.     In  this  instance,  as 
v/ell  as  in  every  other,  however,  it  v/ould  be  desirable,  though 
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it  may  be  irapossible,  to  have  evidynce  on  the  basis  of  v^hich 
such  project  might  be  legitimately  made.    In  this  report 
there  is  an  absence  of  this  type  of  evidence  in  regard  to 
damage  to  lands,  to  railroc.ds,  to  highv/ays,  etc.    Data  on  the 
relationship  of  floods  on  the  Gila  to  the  lower  Colorado  system 
are  also  absent.    A  catet;;oiy  of  benefits  in  terms  of  prevention 
of  possible  damage  to  the  Yima  and  Imperial  Valley  arc; as  is 
therefore  not  susceptible  of  evaluation. 


FLOODS  IN  TKE  UPPER  MH)  illDDLS  OILA 
17ATEKSHSII 


The  j?ollowing  tabulation  summarizes  flood  damage 
in  the  Upper  and  lliddle  Gila  ^Jatershed  in  the  th irt^z-z^ear 
period,  1907  to  1936,  as  reported  by  the  '.leather  Puroau, 
the  only  official  agency  T-vhieh  has  attempted  complete 
reporting. 
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The  totr:il  d2m-:g6  upon  v7iiicL      ^'•■oi-^tr^ry  usti-'^cte  has 
brer,  placed  ir  tho  tab vlr. tion  -hov.  is  :;)i,037,000,  or  over 
the  tLiriy-vwar  poriod  fron  1907  to  19^7  ml  ?..verago  aijiiiisil 
denuigo  of  ExamiD^tion  oi'  these  tabul-ir  data  iridicate 

clearly  t^  -..t  considerrble  daria^.e  occurred  of  wlicL  liO  ;;ioretary 
estiiriate  7;as  nade.    The  fic-ure  of  'qZ}'6,200  does  not  cover  at  all 
completely  t]io  flood  damages  iij  the  ■?atorsxied.     Ir  addition 
the  data  are  rot  suf f icieiitly  detailed  to     :mit  a  bri-akdown 
irto  various  categories  of  dana-  e.    AraOth-r  ta-^iilation  of 
dainages  hes  therefore  b.  er  prepared  or  the  ''^asis  of  irform'?tion 
obtairoQ  fran  a  '"ide  variety  of  sources,  iicladira  local 
novjspapurs  ard  r^siderte.  local  irrieatior  district  records, 
erd  land  £ur*vey£  by  goverrmont  ag^acies.     ihis  tabuletion  and 
sunxin  ly  foil  o;  j  . 


FLOOD  DAMAGE  IV.  THE  UPPER  AND  iilDDLE  GILA 

VIATEJtSKED 


15. 


oCriu^itY  OF  Ij^L-iGES 


A.  Darnnr'o  to  H-::ilr3r,cl3 

Dct;.  cr  dain-"if;o  to  rriilror-ds  by  floods  aro  from  tv/o 
sources : 

Southern  Pacific  Railror.d,  SI  T'-rso  Division 
$557,29.?  ovor  tl:e  11  y-ars,  19S5~19^6. 

Gouthcrn  Pacific    :-^.ilro?d ,  Tucson  Division 
$200,000  over  t]-e  6  v-rps,  19'^l~r^6. 

During  these  years  no  '.nr.jor  I'loor's  occi.irred.  T}:e 

Gvcrege  annuel  d .?jaae;.o  to  r^.ilroeds  in  this  6  and 

11-y  er  period  is  t84,000 

B.  Drjoiago  to  ilighways 

Date-",  on  damage  to  l-liU'iays  cover,  in  some  cases , 
the  past  yoar,  in  others  the  pnst  5    ears,  and 
in  oth.:.rs  the  past  6  years.    The  ertire  -i-.3-hv;r;,y 
systen  is  covered  but  tie  time  period  is  defici- 
ert ,     The  ^innual  ^'iveragc!  daiiage  figure  covering 
a  period  varyirg  betvjeer  the  past  1  and  5  years 
equals  ^49,000 
X.-    Damage  to  Industrial  and  Itunicipal  Property 
The  only  such  d'::rnrgc;  of  TvLich  there  is  record 
is  th-t  v7hic]i.  has  occurred  at  Clifton  end  Morerci, 
although  other  sinilar  Qam^ige  seems  likely  to  liave 
occurred.    The  data  on  Cliftoa  and  ■"or'^nci  is 


I 


I 


l6. 


itsolf  not  definitely  ^ gI ablis/ic-d  ris  complete. 
From  1380  to  date  flood  damarr...  -t  Cliftor  s 


Rs  follow, s: 

(1) 

3880 

4> 5 0,0  00 

(2) 

1891 

100,000 

(3) 

1905 

150,000 

(:3) 

1906 

150, OuO 

(4) 

1914-1915 

^0,000 

(5) 

1916 

200,000 

Totrl  over  56  ycr,rs  i^I'VOOjOOO 

Damage  hrs  occurred  'i'.lnioGt  entirely  ir  ye-ers  of 

'naior  floods.     The  river  bod  et  Clifton  is  now 

14  f',et  higher  th^^n  in  191u  end  d?im£ugv:i  from 

future  floods  is  therefore  likely  to  be  greater. 

hhiio  other  dam-:iges  have  been  reported,  the  only 

reliebly  recorded  dcimege  at  Morenci  has  been  to 

the  w.ter  v^orks  or  E~?rle  Creek,     In  191G  this  was 

damaged  to  the  extort  of  c50,000. 

Ariru'.l  average  de^.a^re  fron  1880  to  date  (53  yerrs) 

at  Cliftor  ard  horerci  '  :>13,000 

(1)  Personal  nemoirs  of  ouperir.:  tend  art  of  Clifton  -  lines 

(2)  Ne'-spaper  account  "The  cjoloniorivilLo  B;:llu.tin" 

(3)  iJarazine  account  -'The  Copper  Sra" 

(4)  NeX'ispaper  account  "The  Ariz;ona  Hepubiican^' 

(5)  Nespaper  ard  ma^azire  accounts  "Th?  Copper  Era" 
"The  Arizona  R(;public"  ard  "The  Graham  County 
Guardian" 


17. 


D.    Dostructiorj  of  CTut  ivf^  tr  ci  L-.nd 

Excct  dr;;te.  on  tl)c  loss  of  c  ^ltivatod  Ir.nd  crc.  e.vcll- 
•".;blo  for  th'.  Safford  and  Duncnn  '^'rJloys.     Sucii  loss 
ii-::s  occurred  c^lso-^'^hcra  but  there  c-Tj  neither  surveys 
nor  records  to  indic?.tc  its  extent. 
Such  destruction  ?,s  lir.s  occurred  j  as  boon  by  "vay  of 
boxk  cuttinr  during  flood  flo-.'s,  ^„nd  has  been  observed 
during  :^loods  of  r^:  l--^ tively  smr,li  ric^r-r itude . 

1.  Safford  Y-lley 

(1) 

Area  in  river  bed  in  1875  930  acres 

(2) 

Area  in  riv.;;r  bed  in  1935  10860  ecrcs 

Loss  in  la n d  (  6 0  y e r: r s )   

9380  c.cr-js 

Land  was  irrigrtoQ  -nd  cult iv:. ted  up  to  the  edge  of 
the  river  so  th'-t  -.11  th^'.t  lost  was  culti^.^ated  irri* 
gable  Irnd  nov;  valued  -t  f200  per  acre.    Total  loss: 
.t'1,976,000. 

2.  Duncan  Valley 

(3) 

Loss  in  acres  1450  acres 

Total  loss  ?290,000 


(1)  Sur^/ey  of  "U.  3.  Land  Office,  1875 

(2)  Aerial  Surv^^y  of  Soil  Conservation  Service,  1935 

(3)  Local  information 
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Approxi'.n'^  twly  "'2^000  cotos  of  c^.ilt  ivr.tcd  li.nd  r.  ms.in 

ir  the;  S^-ffcrd  Vcaiy..,  and  9,000  in  the  Duncan  Valley. 

This  ontirc;  r.cr.jagfv  is  fnisc-.xjtiblo  to  destruction  by 

bimk  cuttin{^-  c;t  r-,n  accel^.r-cting  rr'.t^3. 

Totnl  Annual  Avurr.^o  Loss  of  Cultivatjd  Land 

in  Safford  and  Duncan  Valleys,  during  60  years  $:3S,000 

Damage  to  Irrigation  Vjorks  (Canals,  Dams,  etc.)  From 

Flood  iniO; 

During  e.iajor  floods  in  the  past  irri^aation  v;orks 

have  regularly  boon  6 est  ray ud.     In  every  year  a 

certain  amount  of  daiaagt;  has  occurred.    Date:,  on  the 

expenditures  for  repairs  are  available  only  for  a 

section  of  the  Safford  Valley,  the  7,000  acres  under 

the  San  Jose  and  i'ontezuma  Can-1  ComDanies.     On  the 

(1) 

basis  of  these  data      the  following  consorv;--'.t ive 

estiiTiates  of  danr-p-es  of  t.''is  type  "".^ere  nia.de: 

1.    Safford  ^'^^ley 

For  the  D  i-aior  Flood  Years 
Bet-'een  1891-1916 


1391  i<  50,000 

1905  200,000 

1914  130,000 

1915  165,000 
191b  200,000 


|'754,000 


In  .•'linutes  of  Joint  ileetirii;;;  of  Stockholders  of  San  Jose 
and  '..iontezuPi^  Canal  Coirrpanios,  1936^. 
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For  the  remaining  21  years  between 
1891-1916  on  the  basis  of  or  approx- 
imate yearly  average  of  ('34,000 

t'705,000 

For  20  years  1916-1935  on  the 
basis  of  a  yearly  average  of 
150,000 

;;^1,000,000 

Total  loss 

during  46  years  -^^S, 450, 000 

2,    Duncan  V-^^lley 

Or.  the  same  basis,  but  mcl'irg  allo^'jarces  or  the 
basis  of  the  "knowledge  trr  t  damage  has  been  less 
severe  Ir  this  area,  the  tot  el  ]oss  f  ro  ■  1891 
to  date  ir  the  Du  can  Valley  is  estimated  at 
^?-300,000. 

ho  data  are  available  for  other  agricultural  areas. 

The  total  aivnu^.l  average  dama^^e  of  this  t:;''pe 

for  the  area  as  a  whole  is  estiraatod  then  at  ^61,000 

F.    Damages  to  Oro-ps  Fror:i  Hooding,  Silt  Deposition 

A  cert'-^in  anount  of  data  on  damage  of  this  type  in 

(1) 

the  Safford  ''^alley  is  available.        Losses  of  tbis 
type  have  occurred  only  daring  major  flooos.  On 
the  basis  of  this  data  the  follov/ing  eetirDates  of 
damage  of  this  type  in  Safford  Valley  are  made: 

(1)     hev;spaper  Reports;     Water  oupply  Paper.  162. 


1.     Sr. f ford.  V^-illey 


1891 
1905 
1906 
1915 
1916 


s?  35,000 
100,000 


25,000 
10,000 

60,000 


Total 
(46  ye 


>;230,000 


2.    Eur  can  Ye.llej 

Or.  the-  same  basis  total  '-'^mafro  of  this  typo  from 
1S91  to  date  in  the  I-urcan  '^alloy  is  estiriated 
at  $30,000. 

Total  Ar-jual  Average  ramarc.  3afford 
ard  Duncan  41 6, 000 

Reduced  Gror  Production  Ros'jJ.ting.  From  Destruction 
and  Silting  of  Can Is  and  Diversion  D-^ms 
The  destract ion  V'  floods  and  silting;  of  c^r^nals 
-^'nd  diversion  darns  has  resulted  in  l^^ck  of  v/ater 
for  crops  durina  t'lo    rovjing  season,  -.'ith  a  con 
sequent  loss  in  production.     In  certain  years  there 
h  "AS  been  a  total  loss  of  crop.     It  is  estimated  that 
losses  of  this  type  in  the  .^afford  -^-lley  in  the  46 
years  since  1891  have  totalled  $5,000,000, 
Estimated  loss  for  the  Dujican  Tailey  curing  the  same 
period  is  ,;  130, 000. 


Aiu.u:.!  LooS  Safford  r.rd  Luncan  $112,000 

Costs  of  oi.lting  of  CMn^.ls  =:aid  Lands  on  S-.m  Carlos 
Pro  ject 

Tl'-o  nGcessv-.i^.'-  use  of  flood  vjc'tc-rs  froii  tl-e  3r>.n 

Padro  results  ii:  cortimod  siltir-   of  err-. Is  '^:nd 

Iv-iids  on  tliG  £p.r  rlcs  rrojoct.     It  co':'T)c;1s  arrual 

nd iturvj s  for  th&  cltnrir.r  o"^  rr .i r  c?nrls  by 


the  iri'i,- --t  ion  district,  ^rd  of  ii^divir   ^^.-.l  ditcrcs 
by  indiviv'U'-T  operr.tors;  expord iturc  s  for  tie  rc- 
levolling  of  lam;  and  it  results  it;  rr^ducud  yields 
of  -If-lf'i,    The  follov;irc  aro  estim-'.tas  of  tlio 
■~rrurl  costs  res  Itirg  fror:.  the  use  of  tlie  silty 
■'•Tt-i-  r : 

Cost  to  district  of  clearing  of  ~i^:in 

canra  ;^50,000 

Cost  to  irdi-/ldur.l  opar-'tors  of 
clearing  ditch OS  (50^  per  a ere 
avcraj^.i)  ~  .,37,500 

Incro  sud  lovollint:  costs  ;s>37,500 
{ 50 p-r  aero  avcra{-,e  ) 

Hoducod  yield  of  alfalfa 

(1  tor  lo.e,  20,000  -ores  C  $7.00 

per  tor)  #140,000 


Tot  '1  /.vorcire  AnijAial  Costs  §??65,000 
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Note  on  Costs  of  .Silting  of  Ccnals  and.  Lands  on 
3?,n  Carlos  Project 

A  diverfr.ence  of  expert  opinior  exists  concer"ing 
the  ^-asic  cf-roro-aic  fa-^.ts  involved  in  t  ess  calcul': tions . 

Eocently  a  re -examination  of  this  siibiect  ?'as 
undertaken  by  '^ir.  J".  G,  xianiilton,  Chief  At^ronomist  of 
the  Gila  District,  Soil  Coiiservation  Service.     In  the 
course  of  this  recheckir:^;  of  certain  earlier  estimates 
Mr.  Hamilton      s  consulted  with  the  following-  residents 
of  the  San  Carlos  Project:    District  Engineer  and  "-f tcr 
Master  of  the    .;/ter  Users'  Association,  a  .Representative 
of  the  Sac^ton  Experiment  Station,  th-.:-  Count^.^  Agrici^ltural 
Agent,  and  others. 

(1) 

A  suinr!i::,iy  of  Iat,  ixcmilton's  report        is  as 

f  ollovjs : 


1.  "Clear  \vater  carrying  only  a  nominal 
supply  of  silt  is  r,To re  valu-iblc  than 
the  San  Pedro  flood  nator  th--.t 
carries  excess  qu'-:ntiti  s  of  colloidal 
silts. 

2.  "Silty  '^-rter  is  Venefici^l  to  n'^;-V\j  and 
porous  soil  for  from  ore  to  five  years 
hut  is  detrimental  after  this  time. 

13.     ''ear  Pedro  silt  ci-anges-the  physical  . 
structure  of  t.he  soil,  "but  ir  no  c-'iso 
does  it  add  to  the  fertility. 


(1)    Memorandum  to  Robert  V.  Boyle  on  the  Subject  of 
Silt  Doirge  From  San  Pedro,  M^y  17,  1937 


"Sxistirr  30.7)  Podro  flood  "■•^'~.tGr  silt 
results  in: 

p:.     "Ircre«-sed  cultivation  ^nd 

i  rr i  £  e.  t  i  o  r  costs  or'  c ■  ^1 1  i  v- 1  d 
lends." 

b.  "Red\^ced  yield  s.nd  cu-:ility  of 
r.lfalf-:'.  hay  tqual  to  or  07:coeding 
one  tor  per  aero  per  sor. son . " 

c.  "Lowering  of  T?r:.ter  pcnrj.o-".bility 
of  the  soil." 
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1,    Dcmrgs  to  Rr. iif^-  Lr.nds 

The  coDtinuinx:;  proce's  of  orosion  on  the  rcingc  l--^.nds 
of  the  Uppur  cmd  Middle  Gilr.  VJatcrshcd  is  result ir.iG  in 
a  progressive  depiction  of  forr.g^j;  production  on  these 
l'.nds.     This  dr.mi-go  n.ight  be  measured  ir^  torms  of  reduc- 
tion of  the  liTestocl:  ce  rryinp-  capacity  of  the  ^'-.'^-^tershed 
ro.ng'.o  lands.    Jlov/ever,  no  dotf.i led  estimates  based  on 
range  surveys  of  c*^rryin,£;  capacity  't  any  ti'ie  in  the 
past  ^^re  availrble.     It  ic  knovjn  that  the  number  of 

liv.;stock  nw;  eu-pported  by  these  ran^o  1>  nds  is  considL,r- 

(1) 

ably  1..SS  th-;  n  in  times  pest.     It  has  been  estimated, 
also ,  thet  the  average  forage  depletion  of  the  semi- 
desert  grass  typo,  V/hich  is  pr^jdominant  in  the  Gila  area, 
is  approxioi" teiy  5d  per  cent.    The  m-^jor  nrrt  of  t'-^is 

depletion  hr-s  arob-  blv  occurred  since  1870  ^^rhen  "livestock 

(S) 

e;razin£-  on  a  larp'o  scale  started  in  the  Gila  country" 
The  quantitatr--  c  si^xificance  of  the  daarpc  is  roup. My 
indicated  by  tr...:  estimate  qaoted.     J'^o  r;tte':-i7:?t  is  here 
made,  hov^ever,  to  convert  this  eeti  .ate  into  monetary  terms. 


(1)  "The  '/estern  Rancc",  "ionate-  hocument          199,  1936, 

V^^e  110. 

(2)  "Report  cf  the  Upper  and  ;Iiddl^  Gil-  ./rtershed",  Soil 
Conservation  oer"ice,  1937,  pa^ae  22. 
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Protleins  of  Dainage  -te.sultiiu^  Fron  the  oiltinf;  of  the 
San  Carlos  Reservoir 

The  rate  of  silting:  of  the  <iar-  C-^rlos  ?i8ser'7oir  ^'as 
irvestigated  in  1955  hy  11.  I-l.  Sakin.    rxe  found  th-t  dur- 
ing the  5-1/3  years  of  its  oper?\tion  the  reservoir  had 
acc^Jinulated  an  avs-ra.A-e  of  5,329  acre-feet  of  silt  per 
year,  that  the  annual  draft  for  irriv^Rtior  had  averaged 
246,372  acre-feet  per  3/ear ,  and  that,  at  that  rate  of 

fillinv  ,  165  years  v/ould  he  required  to  reduce  capacity 

(1)" 

to  the  average  annuel  draft. 

Ti.e  records  of  precipitation  and  run-off  in  the  Cila 
watershed  indicate,  however,  t];.^t  the  6-1/3  years 
covered  hy  the  sux-Yey  ^-ere  years  ii:  ■""''ic-'  run-off  in  the 
Gila  ''ia.s  helo^^'  svera;  9  and  thct ,  therefore,  the  r«^.te  of 
sedimentation  of  the  heservoir  --as  lo7?er  than  average. 
For  purposes  of  projection  into  the  future,  therefore, 
it  has  been  dee  ied  advisable  not  to  use  iiahi:  's  fisures 
as  representative  of  a  long-ti'de  average  rate  of  silt 
accui"T:.l^:t ion ,  althoip^h  they   -easure  accurately  silt 
acc'oinul? tion  durinr  a  period  of  lo-;;  run-off. 
This  prohlei:!  is  discussed  in  Supplement  I  to  the  Gila 
Report,  p-;re  145,    -..nd  the  average  arniual  delivery  of  silt 


''Silting  of  iteservoirs".  Technical  -ulletir  524, 
'J.S.D.A.,  pages  96,  97. 


26. 


to  the  Posorvoir  is  computed  as  .10,760  acre-feet.  For 
the  purpose  of  the  present  calculations,  tlds  letter 
figure  is  adopted. 

At  the  time  of  the  survey  reported  by  Eakin,  not  all  of 
tiie  present  acre-.'ic^e  in  the  project  vjas  under  irrig^ction. 
The  annual  draft  fi.ure  of  246,000  acre-fc^et  is  based  on 
the  Quantity  of  Fater  used  for  that  acrea^^c  during  the 
lo'-/  water  years.     Tre  present  estimated  necessary.''  annual 
draft  is  "20,000  acre -feet  and  t?:l  s  firure  ie,  therefore, 
adopted  for  rurr)oses  of  calculation.     It  is  estimated, 
also,  thr.t  on  account  of  the  yearly  and  cyclical  -^raria- 
tions  in  precipixation  ai'd  run-off,  a  r'ater  storage 
capacity  of  at  least  800,000  acre-feet  is  regvared  to 
insure  sufficient  water  for  irrieation  purposes  each 
year.     On  the  basis  of  these  fi^urf3S,  at  the  present  rate 
of  siltin-:  the  V'Tater  storage  capacity  vill  be  reduced 
wit)-  in  apnroxiniately  40  years  to  a  point  et  which  there 
Villi  no  lorger  be  certainty  of  an  adequate  -'?ater  suealy 
eaci.  year;  th-t  is,  to  le^s  than  300,000  acre -feet, 
v^ithin  approximately  80  years  tiie  water  storage  capacity 
xvill  be  reduced  to  the  annual  draft  for  irrii[:ation  pur- 
poses, and  water  shortage  will  be  frequently  e.x:perienced . 
/ithin  approximately  110  years  tbe  water  storage  capacity 
will  be  entirely  depleted.    At  soTie  point  n round  or  prior 
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to  the  end  of  80  ye^^rs,  the-  construction  of  q  new  dam  and 
reservoir  v;ill  bo  necess^ir^'  if  the  present  acreage  is  to 
remain  in  cultiv^^.t ion. 

The  Gil.-?.  Flood  Control  Report  contains  a  discussion  of 
excess  evaporatior  due  to  the  siltirg:  of  the  Sar  C?rlos 
Reson'oir,  and  a  ;"raphic  delineation  of  the  vol'jjne  of 
water  loss  ly  evapor-'^t ion  ^/7''ich  ■'"ill  result  f ro  ■  contirued 
silting.     Since  a  consideration  of  this  process  is  cor:- 
tain£;d  in  any  calculL:ticn  designed  to  esti^iate  the  effect- 
ive life  of  the  existing  reservoir,  no  separate  evalua- 
tion of  this  less  n^ed  be  made. 

If  it  is  assumed  that  there  are  othc:r  possible  Eit  .s  on 
the  river  for  a  dam  and  storage  reservoir,   th  3r ,  it  seems 
cleer,  the  value  of  the  damage  fro  :  siltirr  of  the  pre- 
sent reservoir  is  reprc,s::nted  bv  the  cost  of  its  replace- 

(1) 

ment .    Eakin  co:riments  on  this  CiUestion  as  fellov^s: 
"The  view,  all  too  frecuently  held,  is  that  the  destruc- 
tion is  to  be  measured  by  the  coet  of  the  original  reser- 
voir,   Tliis  could  bo  so  omlv  where  additioral  storage 
could  be  "developed  indefinitely  and"  at '  simil-ar  cost . 
There  is,  of  course,  an  ultim.ate  limit  of  :^easible 
storage;  in  eYory  "-etershed.     It  is  only  r^^-tur?!  that 
the  initial  reservoirs  s-'ould  be  constructed  at  the  -  . 


"Siltirjg,  of  Reservoirs",  Technical  Bulletin.  524',  U.S.D.A.-,- 
July,  1936,  paae  3. 
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nio  s  t  fa  Yo  r  p.  b  1  e  '-incl  c-  c  o  noi?a.  c  s  i  t :  s  ,     r:  d  t  h  ?  t  s  ub  s  t  i  tu  t  c; 
or  supplori,.p.tary  storp^'e  fscilities  to  serve  the  same 
locnlitj'-  arc    no  re  costly.     It  is,  trerofore,  -Drobcbly 
comet  to  conp';tc.  the  no  re  iiii:a.idiatc  herm  of  reservoir 
siltii:.u'  '-ipor  the  basis  of  rc>pl':c6iaont  rp.t.bor  thsn  original 
storage  costs  zt.o  the   iltiincitc  Iv  rm  in  terras  of  tho  erstire 
Gcononic  development  dopondex-t  -ipon  locr..l  T\ratcr  storage . " 
For  the  purpose  of  the  presert  crlcul  .;t  ion ,  dcinage  result- 
ing frora  th  e  si  It  i  ng  ofs  r e se rvo  i r  is  cons  id  nre d , 
essentif: lly ,  as  iiripairritir t  of  capital  value  of  productive 
equipraent.     TIi.,  monstai^-  measure  of  this  impairmert  of 
valut;  is  taken  to  be  the  cost  of  replace-Tiont.     Thj  cost 

of  replacing  the  storage  capacity  of  the  oan  Carlos  jxeser- 

(1) 

voir  is  estii-iated  at  <r:25  per  acro-foot,      or  a  total  of 

$30,000,000.     If  -^0  years  may  be  talceri  as  the  period  over 

which  its  capital  value  will  be  completely  dissipated 

then  the  averafrr  arrual  impairment  of  value,  or  damage 

is  8375,000 


On  the  basis  of  s^orveys  of  dam  sites  and  esti:nate5  of  costs 
by  the  Soil  Cor-Survat ion  Service,  as  reported  in  "Recommen- 
dations for  Flood  Control  of  the  Upper  and  Middle  Crila  fdver 
in  Arizona  arid  KevJ  ivlexico",  1935. 
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GEHEPAL  '^■M'l^XiZS 
In  additior.  to  tie  f or.;,goir{-:  spucific  da"'ie.g£;s  tLire 
are  mfiny  damv.g.os  of  c.  general  natiiro  res iil tint  fro  \  floods 
and  erosion,  v;}:o se  monetary  valu..  cannot,  in  this  case, 
readily  be  estiriated.     The  general  si:?  nif  icance  of  these 
dariages  may  ho  iEdicat^^d  here. 

t:^a^o^'oi7Tatio-  v-r  co':a  nc  .tiof 

The  Upper  and  Middle  Gila  '■■•atorshod  lies  directly 
in  the  path  of  the  southern  t  ran  scon  i in  e  nt  al  lines  of  trans- 
port at  ion  ard  con-::unicatiOi; .     Thes^::  railroads  and  hig]te^^ays 

traverse  th^.  antire  watershed .    Intcjrruntions  and  de  lays 

(1) 

of  traffic  r^cur  cons  tartly ,  The  cost  of  these  dam':ges 

is  not  measured  by  the  cost  of  repairs  to  highv.'ays,  rail- 
roads, and  bridges,    ho  technique  has  as  yet  been  developed 
for  the  neasuroment  of  the  losses  suffered  hy  those  depen- 
dert  upor:  these  liaea  of  transport  at  ioa  and  co^nmur  icatior  . 
Until  such  a  technique  is  developed  it  is  possi>"*le  to 
indicate  only  ihtt  sacl;  losses  annual J.y  are  enoraious  but 
cannot  be  estimated  in  .nonetary  t.;rms. 
BUSIhESS  .^1   U-'  AF  VhI.uSS 

Hi-...  losses  resulting  fro;a  the  destruction  of  cul- 
tivated land  in  the  irrig'-.tod  valleys  ^-.nd  from  depletion  of 


(1)     See  preceding  tabulation  and  summary-  of  damages  from 
records  of  ''e-'ther  Eur-au. 
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range  l:;nds  ir  thv^  Upper  v.nd  Tiiddlu  Gilo  '/•:■  torshud  hrvo  been 
discussed  r.'bovo .     The  forniur  loss  ur-.s  taker,  account  of  ir. 
terms  of  tile  current  nif>.rkwt  valu^.-  of  the  le rd .     The  estimato 
derived  in  this  mnrncr,  to?oY-r,  docs  not  encompass  the 
total  loss  reaulting  frora  this  type  of  dc^nage.     In  tho  small 
tc-ns  and  traoo  cei^t.^rs  of  the  are^  there  exists  ar  ocoroinic 
developmert  depandont  almost  eijtirely  upoj?  tae  productive 
use  of  these  lanes.     The  only  oth..r  productive  activity  ir 
the  area  is  laining,  in  i-Jhich  a  small  portion  of  the  i,;orking 
population  of  the  area  is  employed.     Ordy  a  v..;ry  minor  part 
of  the  husiress  and  service  structure  of  th>:;  to^vns  exists  by 
virtue  of  the  .dnina  activity  of  the  area. 

The  business  ard  urban  values  of  the  area  are  ent irely 
deriva.tive  from  end  second  ar^^  to  the  basic  "oroductive  acti- 
vities of  tho  r-rea .    The  destruction  of  irria^tcd  lard  and 
the  depletion  of  renge  lands  result  in  the  destruction,  of 
the  market  upon  ivlich  the  business  end  service  activities 
of  the  area  depend,  and  the  conseqUv:;nt  destruction  of  their 
value,     ho  technique  has  es  y^t  be^^n  ..;Volved  for  thu  evalua- 
tion of  this  loss  and  no  eionetaiy  esti.uiiite  can,  therefore, 
be  presented. 

Exa-dnation  of  -assessed  valuations  in  the  ■"■d:  rshed 
indicate  thrd  a  ratio  of  approximately  one  to  one  obtains 
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betvjccr  th^   total  vr.luc  of  irrir-.t.-.d  nnd  grazing'  I'-.rds  ord 
their  iriprovonerts  or  the-  oro  hard ,  r.rd  the  totrl  v- luo  of 
iirhar  pi^op'ortios  on  the  other  ho.rd.     This  r?.t io  sug pests 
th?.t ,  ir  the  long  riir ,  for  ev-.;  ry  doll-.r  of  rurr,l  rr-ilucs  lost 
ar  oquel  cmouiit  of  urban  vr.luos  vrj-.y  bo  lest.     3o  iXinry  co^'iploX 
factors  ere  iL-^7olv:;d  ir:  this  prohleQ,  hovjovor,  th'-.t  no  ette.ir;:t 
is  eiede  her?.-  to  use  this  siJipie  ratio  for  developing:  monetary 
estiiiiatas  of  this  type  of  peroral  d'-m* -go • 

It  should  he  noted ,  also ,  that  the  damaging  effects 
of  the  depletion  or  destruction  of  lard  resources  in  an  area 
as  1?  rge  as  t]:e  watershed  of  th^j  Upper  and  'middle  C'il-^  extend 
beyond  tre  area  itself  to  the  econonic  st3"ucture  of  at  least 
the  entire  statu,     Ir  a  state  ^-herf;  tbo  forms  ard  e^rtert  of 
economic  •.ctivity  ar^  so  relatively-  li  'ited ,  specific  d?mago 
to  a  singlv;^  area  may  h-j  accoi!ipani:..d  by  dafiagin(-  reverberations 
in  the  state  tax  structui-o  and  ir.  business  activities  through- 
out the  st'te. 
'•GE  TC  DIeT;j  T  A-e:A3 

Th::-  report  on  ero posed  Gila  flood  control  me--: sure s 
lacks    asic  data  rol^.vant  to  the  contriouti ^r  of  floods 
origiratine.  on  the  Ihpper  Gila  to  floods  or  the  lo!7cr  Gila 
and  Color':do  2"i\^-.rs,    Nevurth.oless ,  it  is  ''.  certainty  that 
so.-ru;  p-  .rt  of  tho  flood  6.  i mz-.^c s  vjhich  hav-..  occurred  in  the 
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lower  Oil-:,  Ynra-f'.,  rnd  Iiup..ri-1  V-ill^y  zto^.s  is  ttribut-ble 
to  flood.s  ori^Tii: -tir P"  or  the  Upper  Gila.     Ir  the  absorco  of 
detailed  dt-.ta,  hof^'evor,  it  is  rot  possibl-:::  to  make  r.  mor.otf-.ry 
Gstimcto  of  those  damages. 
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TABjLAR  S1j:.21AEY  OF  AVSHAGS  AJ-FUAL  DAILIES 

Specif ic  L 'Ullage  to: 

R'lilror.ds  $  84,000 

El  giivj  ays  4  9 , 0  ;3  0 

Inciustrinl  ^^.nd  liuricip"!  Property  1;5,000 

C'-J-tivatod  Lrnd  38,000 

I  r r  ig '-. t  i  o r.  vro  rk  s  61,000 

Crops  6,000 

Crop  Product ioL  112,000 
Land  ar-d  C^^rrls  on  3ar.  CptIos  Pro  loot  265,000 
Kango  L^^nds 

Snn  C-rlos  Rcc^rYoir  375,000 

Cereral  DoiaC^go  to : 

Tr'^irs port tier  and  CoLicri.imic  " tier. 
Business  fnd  Urran  Y.^duos 
Loi'/ur  Oil-:.  \:^d  Colorr.do  Ar..as 


>'1,003,000 


Kotc :     Tiio  above  estimates  are  .approxinatc  ,  incomplete  rr.d 
accurate  crly  e;ithir  wide  limits. 


CALC^''I^.TIOT'  OF  BEK^FITS 
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The  followiPf  calcuietior.  of  benefits  to  accrue  as 
a  result  of  tie  proposed  flood  control  ^"ork  is  based 
upon  the  assur.iptior  that  the  past  period  covered  by 
the  record  of  daraafes  presented  above  is  an  average  period, 
and  that,  therefore,  the  average  annual  damages  ir  the 
future,  in  the  absence  of  any  flood  control  --orh,  xvill 
--••e  sinilar  to  the  average  annual  daraa^:es  in  the  past. 
A  lar{o  part  of  the  benefits  T'ill  consist  of  the  pre- 
vention of  various  types  of  damage  that  occur  es  a 
result  of  floods  arid  erosion.     Tliese  benefits  are  dis- 
cussed in  terms  of  the  categories  of  darriage  listed  above. 

Keduction  of  Dajiiage  Due  to  Flooding  (Railroads,  Hirh  ays, 
Industrial  and  i.^unicipal  Property,  Irrigation  VJorks, 
Crous ,  Crop  Production) 

(1) 

It  is  indicated      that  the  proposed  prop: ram  of  '"ator- 
sbed  troatirient  i7ill  iiiaterially  affect  flood  flo^'js,  but 
that  "trunl'.  strea  -^  treatment  sucb  ?js  dams,  lexMcs,  &nd 
revetm.:;nts  would  be  rec  i^vrl''  for  additional  protection. 
Sijch  tzu.ali  str  a;-  treatnian-^  is  to  be  reco  •'^end ed  by 
the  '^ar  Pepartmeirt,  and  ^  it  is  aosumed,  vlll  be  suffi- 
ciently sfiecti"e  to  completely  olinina ;  e  all  damao,e 

(l"*     T^.encrt  on  the  Upper  aid  i.iddlo  Gila  vfetershed,  Supplement 
I,  pares  39,  90,  92. 
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to  railroa.d,  Id^-b^^^ays ,  industrial  and  municipal  pro- 
pertv,  irrig  ation  "^.'orks ,  crops  and  crori  Droduc tion. 

(1) 

Sstinrtod  average  ann^ial  banefits  •  -^32^,000 

Reduction  of  Da]:]iaM'c;  to  Cultivated  Land 

(2) 

It  is  indicated        that  the  proposed  ■'Watershed 
treatment  in  conjuMtion  v;ith  "soioe  structural 
vjork  in  the-  channel"  vail  assure  complete  pro- 
tection to  the  UT)per  valley  irrigoted  lards, 

(?) 

Estimated  average  amrual  "beneTits  |38,000 

Reduction  of  Danage  Duo  to  the  Silting  of  Carals 
and  L and s  on  San  C arl o s  Pro  1 e c t 

(4) 

It  is  estimated        "that  the  treatment  of  the 
Gan  Pedro  vTatersled  lands  as  proposed  vjo^ild 
eventually  he  effrctive  iu  r^:ducing  its  silt 
discharge  by  about  forty  per  cent.    A  flood  con- 
trol dam  at  the  Rivers  ice  ?}^2  site  -/ould  bo  u;ffcct-- 
ive  in  fuinher  reducing  ti^e  transportation  of  -.-:an 
Pedro  silt  to  the  San  Carlos  irrigation  district, 
but  it  is  not  T'Cssiblc  to  iiake  the  osti  late  in 


(1)  See  Summar^^  of  rameges,  A,        C,  L,  G. 

(2)  Supplement  I,  pages  90,91 

(3)  See  Summary  of  Dai-iages  ,  D 

(4)  Supplement  I,  page  85 


in  qu an t  i  t at  i vo  t rms . " 

In  the  absence  of  any  figure  on  the  effectiveness 
in  tl..is  r>:;spoct  of  the  Riversiae  #2  daiii,  the  figure 
of  forty  per  ccjnt  is  here  used  in  calculating  the 
extent  to  vjl  ich  this  type  of  damage  will  be  reduced. 
This  fi^^-\x*c  iuay  be  revised  when  the  necessary  data 
are  available, 

(1) 

"Sstinate  pvera^e  arrusl  benefit  $108,000 


Reduction  of  Damr£:c  to  Hang'e  Lands 

Depletion  of  forafo  on  ranre  l^nds  in  th-.e  "  atershed 

has  proceeded  to  the  point  ":'h.ere  the  present  ca3?ry~ 

ing  capacity  is  anproxinatelv  170,000  livestock 
(2) 

units.         It  is  estimated  that  the  proposed  vmtoT- 

shed  treatraent  "will  result  in  a  pcirmanont  carry- 

(5) 

ing  capacity  equal  to  the  present  stockin/^". 
The  present  stocking  is  approxif!xB.tely  196,000  live- 
stock units.     Cr-rrying  capacity'-  ■■•■ill  be  ircreased, 
therefore,  by  an  estiiieted  26,000  livestock  units. 


(1)  oee  ouiTiiiiary  of  Damages ,  L* , 

(2)  According  to  surveys  of  the  Soil  Conservation  Service 
and  Forest  Service  and  the  Compilation  of  the  Range 
Ivianageraent  Section,  Gila  Dist i-ict ,  Soil  Conservation 
Service, 


(3)  Supplement  I,  page  80. 
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It  is  assumc-d  \}y  rarxgc  expert g  that  q  given  cmount 
of  for'/.ge  on  &  rarcs  can  be  convarted  into  no  noro 
and  probably  less  ruest  and  income:  by  sn  excoss  Dumber 
of  animals  t^r.r  by  a  proper  nuraber.      T^il.;.  there  is 
r.s  yet  insufficient  empiric  evidence  to  completely 
subst^.nt iiit..-  this  sssuraptior,  it  appears  suf -^i cir  rtly 
lc;-?ical  to  '  e  used  ir  t}:e  calculation  ef  benefits 
froei  increesud  Ccrryinr  cape c it:' .    Tliet  is,  'ne  :iay 
cssume  that  the  present  ann  ^.al  inco.je  freiii  the  live- 
stock in  the  watershed  is  no  groater  than  that  v?hich 
'Vould  b;:  d..;rived  from  the  small-r  nuinb.  r  of  livestock 
ecuival-:.-nt  to  the  cari^rinf;  capacity  of  the  ranpe. 

Tie  present  annual  ircome  fro^  livestock  in  the 

(1) 

^-atersbed  is  approximately    1,600,000,      or  ^9.40 
per  ur.it  of  liv:;stocV:  earryirc;  capacity.     The  esti- 
mated futur^c;  cariyir^  capacity  is  £6,000  livestock 
units  higher.     The  estimated  increase  in  annual  income 
from  livestock,  then,  is  ^250,000. 

Estimated  averr.£,o  animal  ber..:;fit  §250,000 


Accordin^^  to  ccmpilrtien  of  hange  '.laneremert  Section, 
Cila  District,  Soil  Conservation  Service. 


Reduction  of  Siltin^:  of  S;in  C-s.rlos  l-.o servo ir 

The-  suppleiiieRt  to  th3  Heport  on  the  Upper  and  Middle 

Gila  Wat '^r shod  contains  a  niimb-r  of  oGtimatos  of  tho 

length  of  tini.3  rarj'Jiirod  to  schiovG  n-'^ximnn  ,,-ffectiYo- 

(1) 

noss  of  the  p2x>pos3d  proy-rein,      C  sic '.J.  ^.t  ions  rcl-ting 
to  the  anticipp.tcd  silt  roduction  effect  of  the-  pro- 
posed program  ore  given  for  ten  y-:-^;rs  r.n^*  for  sta"bili?ed 
condition.     No  spo-ciGl  tiiae  period  is  indiceted  for 
stabilizetion,  :  ut  40  c:nd  50  y^-ars  are  the  longest 
periods  discussed.    On  the  basis  of  these  calculations 
it  is  ostiiiiated  that  after  ten  years  the  amount  of  silt 
entering  the  Sar  Carlos  reser"'oir  v/ill  be  reduced  to 
4870  acre  feet  per  year,  rnd  efter  another  period  of 

years,  50  at  the  outside,  to  3,100  acre  feot  per 
(2)  • 

yeer.        At  tiis  r^te  t ■  .  -'at.  r  stor-ge  capacity  of  the 
reservoir  "-/ill  not  "e  reduced  to  ^"h^t  is  considered 
saf-.;  storage  ccp:  cit  ,  800,000  acre  feet ,  until  the 
end  of  approxirdately  90  yeers.    Not  until  tho  end  of 
approximately  230  years  vjill  the  cep^.city  be  reduced 
to  the  necessery  annual  draft  of  :?20,000  acre  feet. 


(1)  Supploaent  ±,  Suppljnent  ii, 

(2)  Suppljnent  II,  pages  15Ci  ,  156. 


Uo. 


If  the  point  't  wMch  the  reservoir  cape.city  is  reduced 
to  the  .^.nnur.1  draft  is  tr^ic^n  cs  tbo  point  ■■•.t  '.j^icli  com- 
plete replacement  of  tht;  v^'::te.r  stor^-ge  plvmt  is  necessary, 
then  the;  proriosed  control  measures  will,  r.ccording  to 
tliG  cbove   Hstiufites,  e?:tend  the  life  of  the  present 
resorvoir  frori  30  to  230  y^c.rs. 

In  teriiis  of  benefits  the  significance  of  this  extension 

(1) 

is  that  the  necessity  for  ^oi  investnent  of  -30,000,000 
will  b„-  d^ferr^-d  for  150  j'ears.     The  cost  of  this  in^'est- 
ment  at  Trjo  interest  is  $900,000  pv.r  y;.-r.    The  tct-1 
saving,  or  benefit,  th..n,  ■'ill  bo  C*900,000  for  150 
years,  or  .;:135 ,000,000.     This  total  >>3nefit  v^ill  accrue 
over  a  period  of  P'^O  ye-- rs  ,  the  total  life  of  the  pre- 
sent reservoir.    The  •^verf.-g'e  riraual  berefit,  then,  over 
the  next  230  yecrs  7;ill  be  a-cproximately  1537,000. 

(2 

Estimated  average  c-njiu?.l  b-nefit  (230  y-.ars)  $587,000 


See  SuMn^?!^-  of  Damages,  D, 

An  alturnativ.:  calculation  is  the  follov/ing; 

Present  annual  c.rna£;e  (sec  Suiinnar;/  of  Dom^es) 

(Imp-iment  of  Capital)  ^;i:375,000 

If  life  of  re  so  rvo  i  r  is  e  :v  te  nd  ed  to  230  ye  a  rs  : 

Arjiu:!  impairmert  of  ci^pitv.l  .^-130,000 

ilnnual  saving,  or  benefit,  then  <■  245, 000 


Ui. 


Benefits  from  Increased  Electric  Po-Jer  Developraent  at 
Coolidge  Dam 

Among  the  rscomeridat ions  presunably  to  "be  riade  by 

\  -L ; 

the  .s'ar  Departiaent      is  that  for  the  construction  of 
a  daLi  at  xhe  Hiver-side  rS  site,  with  a  storage  capacity 
of  320,000  acre  feet.    A  portion  of  this  cs]Xicity  is  to 
be  allotted  for  v/ater  released  from  Coolidge  Da^-r,  in  the 
developnert  of  electric  pcr.'.--:r.    At  the  present  time 
efficient  litilization  of  po*'.^cr  production  facilities  at 
Coolidge  Le  -  is  rot  possible  beoa'ose  -^^ater  cannot  be 
released  e::c3pt  :7her  needed  for  irripration.     The  construc- 
tion of  the  Hiverside  ^2  Dan  -'  ill  permit  efficient 
utilization  of  these  facilities  and  a  consequent  in- 
crease in  pover  revenues.    The  amoiunt  of  the  increase  ie 

/  p  ^ 

estimated  at  $24,000  annually. 

Zstiirated  evera^o  annual  bsn-fit  ^24,000 

Benefits  FTon  Additional  Stored  VJater 

The  proposed  Riverside  ,^2  Dari  v:ill  store  anriually,  it  is 


(1)  Assuming  general  adherence  by  the  -/ar  Lepartment  to  the 
Supplement  to  Report  of  Recomendations  for  Flood  Control 
of  the  Uppc:r  and  Middle  Gila  River,  Soil  Conservation 
Service,  1935« 

(2)  Letter  of  Februai:/  2,  1937  from  C.  K.  Southv;orth,  Assist- 
ant to  Lirector  of  Irrigation,  Office  of  Ire i en  Affair^, 
to  C.  ■•.  Collier,  Soil  Conservation  Service. 


(1) 

estiiriated      approximately  33,000  aero  feet  of  flood 
v/ater  which  cannot  now  be  diverted  for  irri^ration  of 
San  Carlos  Project  lands.    TI-jIs  stored  water  is  esti- 
mated to  have  a  value  for  irrig-ation  purposes  of 
approximat elj^  $9,00  per  acre  foot  ,  on  the  basis  of  the 
gross  --Talue  of  crop  production  per  acre  foot  of  ^'ater 
on  the  San  Carlos  pTOiect,     The  total  annual  value  of 
33,000  acre  feet  of  additional  stored  water,  then,  is 
appro ximat oly  |'297 , 000 , 

Estimated  Average  Annual  Benefit  ^297,000 


Supplement  to  Report  of  Recommendations  for  Flood 

Control  of  the  Upper  and  Middle  Gila  Riv.-r  in  Arizona 

and  New  Iviexico  ,  1935,  Soil  Conservation  Service,  pa{:e  A-21 


^3. 

In  addition  to  the-  specific  benefits  listed  sibove, 

there  &re  ger.eral  henofits  of  ^reat  significance.  Those 

arc  benefits  resultirg  fron  the  reductieij  of  the  se'-ercl 

(1) 

types  of  general  drimage  discussed  above.      No  neans  are 
available,  however,  for  ra-iking  a  ao notary  estiinp.te  of 
these  benefits.     It  can  nerely  be  stated  that  the  pre- 
vention of  interrupt  ions  of  transportation  and  cocsnuni- 
cation,  the  reduction  of  flood  flow  contributions  to 
the  lovmr  Gila  and  Colorado,  and  the  prevertion  of  in- 
direct and  general  loss  to  business  and  urban  values 
are  significant  items  of  benefit.     Th^^y  caiinot  now  be 
accurately  measured  but  should  rot  be  overlooked. 


(1) 


See  c>uirjna;r;;,'  of  D  am  age. 


TABULAR  SIM/IASY  OF  i^VDRN:-'^  AnTSAL  '^n^TTilFITS 

Specific  Benefits  from: 

Reduction  of  Dani?.ge  Due  to  Flooding  $  525,000 

Reduction  of  Damages  to  Cultivated  Land  38,000 

Reduction  of  Dejn-.gc  to  San  Carlos  Project  Lands  106,000 

Reduction  of  D-image  to  Range  Lands  850,000 

Reduction  of  Damf^.ge  due  to  oilting  of  Sen  C'-.rlos  597,000 
Rosorvoi  r 

Inci'eQsed  Electric  Pov.;or  Revenue  24,000 

Additional  Stored  V/ater  297,000 

General  Benefits  from: 

Prevention  of  Interruption  of  Transportation 
and  0  ommun  i  c  ion 

Prevention  of  Loss  to  Business  and  Urban  Values 

Reduction  of  flood  flow  contributions  to  lower 
Gila  and  Colorado 


:|;a,627,00'0 


Note:     The  above  estimtes  are  approxim^ite ,  incomplete,  and 
accurate  only  within  wide  limits. 


^5 


CLASSIFICVTIOIv  OF  PT'UEFITS 

Benefits  nay  be  classificjd  or  segregated  in  a  number 
of  v/ays.     In  the  following  clr. ssif ic otions  those  unestiimtod 
general  benefits  mentioned  above  accruing  to  the  puclic  ut 
large  or  to  dist^'-'.nt  p.reas  arc  not  considered. 

The  following  is  n  clessif ic^^tion  of  benefits  in  terms 
of  "t-ho  type  of  proposed  work  responsible  for  them: 

Benefits  £i ttribut-ble  to  watershed  tn.atrdent  clone    $  356,000 

Reduction  of  Demage  to  San  Carlos  Project 
Lands 

Reduction  of  D'jmage  to  Range  Lands 

Benefits  attributable  to  trunk  stream  work  alone        |  321,000 
(Riverside  Dam  ^2) 

Increased  Electric  Po'/jer  Revenue 

Additional  Stored  ;'/ater 

Benefits  attributcble  to  combination  of  -"'storshed 
treatment  and  tr^ank  stream  !-'ork,  but  not  to 
either  one  alone  |  950,000 

Reduction  of  Dj3iaap;c  Due  to  Flooding 

Reduction  of  Damage  to  0  :ltivated  Land 

Reduction  of  Silting  of  Gar:  Carlos  Reservoir 


TOT/aL  : 


•11,627,000 


U6. 

.brother  cl-:ssif  ice  tier,  of  b.;ncfits  follovjs: 

Benefits  accruing  to  Sar.  Cnrlos  Project  t.1,014,000 

Reduction  of  Damcgo  to  S'ah  Crrlos 
Project  Lands 

Reduction  of  SiltiT:.g  of  San  Cr.rlos 
Re  s&  rvo  i  r 

Increased  Electric  Pov;er  ctevt^nue 

Increased  Stored  v/ater 

Benefits  r~.ccruin^:  to  Upper  and  Middle  G-ila  Arec.    f  613,000 
Reduction  of  DGm?;ge  Due  to  Flooding 
■  Reduction  of  Doiii^'ge  to  Cultix'-'t,  d  L-'nd 
Reduction  of  ppni'^.ifre  to  Ran.ee  Lands 

Of  the  total  benefits  accruint^'  to  the  San  Carlos  Pro- 
ject,  approxim-^.tely  one-tialf  may  be  considered  a  direct  benefit 
to  the  United  States  Covumrnent  since  it  or  its  TJards,  the 
Indians,  ovjn  half  the  larjis  end  storage  end  irrig^'tion  works 
of  the  San  Carlos  project. 

Some  portion  of  the  other  half  of  the  benefits  accru- 
ing to  the  San  C'^.rlcs  Project  may  be  considered  en  indirect 
benefit  to  the  United  States  Govamioent  since  it  is  conceivable 
that  in  the  absence  of  these  benefits  the  non-Indi-^n  participants 
in  the  Sed.  C^.rlos  Project  would  fail  to  pay  their  entire  sherj 
of  the  cost  of  the  project. 


RATIO  OF  BETvSFITS  TO  COSTS 


hi. 

This  report  doos  i:ot  r.ttfjiript  to  d-ovelop  stntoment 
of  the  "economic  justif icntion "  for  the  Gila  flood  control  pro- 
posals.   The  mntorifd  presented  is  irter/ied  to  provide-  the 
b^^isic  data  frora  which  a  rctio  of  avemgo  rjinual  boDofits  to 
average  arjiual  costs  may  be  calculatod  for  purposes  of  com- 
parison with  other  flood  control  projects. 

Certain  of  the  data  e^sontial  to  the  prepo.ratior  of 
such  a  ratio  for  the;  Oila  flood  cortrol  proposals  are,  hoT^aver, 
not  available.    D-?ta  on  est int'.tad  average  anm)-^l  ber-^fits  are 
available.    These  are  estimated  ^t  ;| 1,600, 900.    Certain  of  the 
necessary  cost  data  are  lacking. 

Average  annual  costs  are  taken  to  be  the  annual  interest 
on  the  initial  cost  plus  the  annual  operation  and  :,ir;intenar>ce 
cost.     SiLce  -r^verafe  arru-.l  costc  are  here  calculated  orly  for 
use  in  a  comn--.rat ive  bei.e fit-cost  ratio,  amortizatioa  of  ir-.itial 
cost  need  rot  be  considered.    For  coFiparr\tivo  purposes  the  an- 
nual interest  on  tais  Qoat  affords  the  s-amif;  jneasure  r:3  would 
irtorest  plus  'ii:iort izat ion,  so  long  as  airiort izJr-tion  is  spread 
over  the  same  period  of  years  r.s  are  benefit  o.    This  same  pro- 
cediire  was  usud  in  developing  a  ratio  of  average  annual  bere- 
fits  to  average  enrual  costs  by  the  Mississippi  Valley  Committee 

(1)     See  "Ai-'ilysis  of  Costs  and  Benefits",  P-a"  e  153  of  Report  of 
the  Mississippi  Valley  Committoe  of  the  Public  'Jovkn  Ad- 
ministr-.tion,  1934. 


The  report  estimates  total  initial  costs  of  pro- 

(1) 

posed  work  at  $2'? ,000,000.        The  onnu'-.l  interest  or  this 
fiinount  at  three  per  cert  is  $800,000,    No  estimate  of  the  an- 
nual operation  and  iiaintenance  cost  of  the  watershed  treatment 
proposed  by  the  Soil  Conservation  Service  is  cont aired  in  the 
report.     The  reconnerdat ions  of  the  Amy  Corps  of  Ergineers 
are  not  yet  submitted  so  that  d^ta  on  the  annual  operation 
and  nainteance  cost  of  tfce  trunk  str:.an  vK)rk  to  be  proposed 
are  also  not  available.     It  is  therefore  possible  to  present 
only  a  partial  esti;-iate  of  average  annual  costs,  |.800,000. 
The  ratio  of  estiLiated  bor-;fits  to  estimated  pc^rtial  costs  is 
approximately  t^'/o  to  ore.     This  ratio,  however,  has  no  signi- 
ficance in  vievir  of  the  fact  that  it  is  ircoriplete.     It  nay, 
ho^'ever,  be  revised  upon  acqd. sition  of  the  necess-Ty  data 
on  operation  and  mairtenance  costs.     Subsequent  to  the  irdi- 
cated  revision,  this  r-tio  may  be  used  to  determine  the  place 
of  the  Gila  flood  cortrol  proposals  in  a  national  program  of 
flood  control. 


(1)     T^.blo  III,  followirg  pa{.:e  31,  "Report  of  the  Upper  and 

Middle  Gila  'Vatorshed  v?ith  Proposals  for  Erosion  Control 
and  Watorflov-  Retard .-.-.t ion" ,  Sc.il  Conserv^-tion  Service,  191^?. 
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